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AN  OSCILLATING  WING  IN  A FI ANE- FAFALLEl  FICW  CF  COMPRESSIBLE  FLUID 
Yu.  A.  Abramov 

(Institute  of  H ydr omechan ics  of  the  Academy  of  Sciences  UkrSSR) 

This  work  examines  the  problem  cf  the  oscillations  of  a wing  in 
a plane-parallel  compressible  subsonic  fir*  which  was  posed  and 
solved  by  various  authors  (Eirnbaum,  Fcssic,  Beisner,  Sherman,  Bio, 
Timmar,  Schwartz,  Kyussner  [as  transliterated],  Khaskind  [as 
transliterated]  [2,  3,  6-9]  and  others).  This  problem  could  not  be 
solved  in  the  closed  fcrm;  therefore,  various  approximate  methods  for 
its  solution  have  been  proposed.  In  this  regard,  in  the  majority  of 
methods  which  have  been  brought  to  numerical  calculations  the 
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solution  is  given  in  the  fern  of  series  in  accordance  with  the  powers 
cf  the  presented  frequency. 

Used  below  is  the  Bergman  method  which  peewits  converting  the 
solution  of  the  Laplace  equation  tc  solutions  cf  linear  equations  cf 
the  elliptical  type.  It  was  shewn  that  the  integral  equation  of  the 
problem  can  be  reduced  to  the  same  type  as  for  a noncom pressib le 
flow.  In  this  connection,  we  can  employ  an  algorithm  for  the  solution 
which  was  developed  by  A.  N.  Parchenkov  in  work  [4]  for  a plane 
problem  on  an  oscillating  wing  in  a ncnccmp ressible  fluid. 

The  final  formulas  which  were  obtained  for  the  forces  on  an 
oscillating  wing  in  a compressible  flew  dc  ret  differ  in  type  fro* 
the  corresponding  formulas  for  a noncci p ressible  flow  with  the  only 
difference  that  for  the  compressible  flew  the  term  of  the 
oscillations  profile  should  be  obtained  frew  the  form  of  oscillations 
cf  an  analogous  profile  ir  a noncomprecsihle  flew  but  with  a 
correction  for  compressibility. 

Let  us  examine  the  unsteady  motion  of  a wing  in  a flow  of 
compressible  fluid.  Let  us  assume  that  the  wing  is  accompl ishi rg 
rectilinear  translational  motion  with  average  velocity  v and  that  a 
sivple  harmonic  oscillation  of  infinitely  siall  amplitude  is 
superimposed  on  this  mean  motion.  Since  the  wing  is  considered  plane. 
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fce  will  limit  ourselves  tc  linearized  theory  in  our  investigations, 


Let  us  place  tie  coordinate  origin  in  the  coordinate  system 
connected  with  the  wing  in  the  middle  cf  the  chord  and  let  us  direct 
the  x-axis  opposite  to  the  cncciring  flew,  lie  select  the  scale  in  such 
a way  that  the  length  of  the  wing  half-chord  c is  egual  to  one;  then 
the  projection  of  the  leading  edge  of  the  wing  will  be  at  point  xs+  1, 
and  tho  projection  of  the  trailing  edge  - at  point  x = - 1.  In 
these  coordinates,  the  differential  eguaticn  which  the  acceleration 
potential  satisfies  has  the  form 


(l - M*> 5? ♦ 5?-- T -ft* — ? ‘W - 0> 


where  M - the  Mach  number;  G - acceleration  potential;  c - speed  of 
sound  in  the  medium. 


It  we  now  consider  the  periodic  motion  considering  that  all 
values  are  dimensionless  in  relation  tc  the  half-chord  c,  then  for 
periodic  motions  we  have  e _ Qj*.  Then  we  write  equation  (1)  in  the 


following  manner; 


(l  ~ ♦ 3?  ~ ~ °’ 


v*  »-■.  - 

where  p - is  the  Strouhal  number, 
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If  we  now  write  e^eV"*',  ^ete  Q = r~m  the  differential 

• r kt  . 1 1 m 


equation  takes  the  fora 


• '?  ■'*  >•  - js/kk*  * Ja* 


Cesig  rating 


we  write  the  equation  as  fellows: 


’ '>«  i 

✓ 


where 


* — MQ. 


If  we  drop  the  priires  and  asterisks  and  place  theta  where  it  is 
necessary,  the  differential  equation  will  te 

let  us  formulate  the  boundary  problem.  We  solve  the  equation 


g€Q 


with  the  boundary  conditions 


®**  *-*•«*, 
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jhen  passing  across  the  segnent  of  axes  cx  the  function 


will  have  the  d iscc rti nui ty 


®+  — G-  — Y (*)- 


As  we  see,  equation  (2)  pertains  tc  the  equations  of  an 
elliptical  type;  therefore,  following  Eergiran's  method  the  solution 
cf  the  differential  equation  will  te 

-1 

Taking  the  necessary  derivatives  and  substituting  them  in 
equation  (2)  , we  obtain 

**  + £ (**AA  + *£>  + 2d^i  + 28^,) » 0. 


or  finally 


<**  + 2£.;)fl,  ♦ £ (**f,  + £ + 2 Cm)  e,  - 0. 


When  satisfying  the  condition  • f-A -*•  0 tor  the  function  of  Lm 


obtain 


Li  - -Y  f kHlc' 

V J 


(3) 
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For  the  function  6^  , in  accordance  with  the  Bergman  method  we 


have 


(4) 


■*  J Q»-i dx. 


—i 


Equations  (3)  and  (4)  permit  calculating  the  coefficients  £*  and  0,. 
Being  limited  by  three  terms,  we  determine 

W, : 1 


Xl*?  2 Rxr' 


We  write  0O  in  the  form  of  a logarithmic  potential  of  a double 
layer  +, 


0.-4J 


—i 


where 


R-V(x-sr  + (y~rir 


Then,  having  the  connection  (4) , we  calculate  the  coefficients 
6j  and  e2.  Taking  the  corresponding  derivatives  and  substituting  them 
into  the  boundary  ccnditicr,  we  obtain  the  integral  equation  of  the 


problem : 


-H 


+• 


? "t 


(5) 


* f d,- f &'  f Y(s)x 

[(*—*>•  H-(y— n)*I*  2 J 2«J 

X £-*>‘-^=4*  + ' f dx-i-f  Y(s)  x 

K*-s)*+<* -»!)*]*  4\  2 /J  J 2,1  J 


—i  — i 


I u-tf+hr-vr 


j 


Then  the  solution  of  equation  (7)  takes  the  fcin 
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P - P,  + %PX  + X *P.  + T»P,  -f  t*P4. 


Taking  the  corresponding  derivatives  ar.d  substituting  their  in 
equation  (7) , after  the  accomplishment  cf  tie  necessary 
transf crma tions  we  obtain 

(1  _s  X *fP"  — (2t*J—  4x4je  — 2t*x)  P -p  [t*  — 2T4  (1  — x*)  + 1*)  P = 

^ . -1 (F  _ 4t*F  + 6t*F  — 4x*P  + x9F  — iFM2tx  + 

Ki— m4  : 

4r  tFAf6T3je  — 6iFMt5I  + iFM2x7x  — FM22x2x*  4. 

_■  { ’ i.  4'  _ 

+ —FM2t*x*  + iF-x'Wx*  — 

3 y-  fid' •>*.■  d - 

fguating  the  equations  with  the  same  powers  of  r,  we  have 

Po  - r7=t  ==  ^ P‘  = “ W**  “ F*  - 
-..V  Kl— M*;.  • ■ -V,  . ,s 

/im  Pi-&P&P0^2F0Mfr  = Fi  - 

(10)  - . d - '•  • •: ; 

. Pi  =^P;  + Pi+  14/FoMx  + ±iFoMV  = Fs; 

■ vV.-t.-4.;-  .*■  . • o ■ j.’ 

Pi  = 2F,-p  2xP\-2x*Pa  -Pa+~Ft  M«>  =F„. 

. -;vv  • d I 


Taking  into  consideration  expression  (10),  we  write 


; f P - Pi  + xPi  + T*Pi  + fP3  +X*p;  = 
; - F.  + Vpt  + T*P,  + **F,  + X*F*  = F*. ' 
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Considering  that 


(12) 


> _ i f 

!(*-*)*+ (y-n«* 

■ W * *>— l >.  <Jr  ’ 


ds**F+ 


we  obtain  the  integral  equation  of  the  problem  in  the  form  which  was 
considered  in  work  [4].  The  algorithm  ct  the  solution  was  constructed 
there  for  the  given  type. 


The  kernal  in  eguaticn  (12)  - is  divergent;  therefore,  for  the 
value  F"  we  should  understand 


r - i im  i f Y (s)(^L— 8 ds. 
y 2«  1 ■ . £ [(x  — s)»  + {y— T])*J* 

■ ’*  •*  '•  ’*  . ' V?  V ..  » • 

Just  as  in  work  [ 1],  we  present  the  value  7(s)  in  the  form 


Y («)  =»  Yi  ($)  + Ys  (s)  + y*  (•*). 

where  t, (s)  - the  regular  solution  connected  with  turbulence;  r*(s)  - 
the  regular  solution  which  determines  inertial  motion;  -y3(s)  - the 
singular  solution  of  the  prcblem; 

•YiMGCM 

Y i(s)€C* 

(here  C»  determines  the  class  of  functions  which  have  a limited  first 
derivative).  For  class  c1  equation  (12)  is  transformed  to  a singular 
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) 

) 

.) 

I 
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integral  equation  and  the 
soluticn  with  a precision 
may  be  solved. 


function  y3  (s)  determines  the  singular 
up  tc  which  the  singular  integral  equation 


Next,  using  the  algorithm  for  the  soluticn  of  formula  (12)  which 
is  presented  in  work  [4]  for  the  lift  cf  an  oscillating  wing  in  a 
com pressib le  flow  we  obtain  the  expression 


(13) 


I 

I 

I 


where  C(p)  is  the  Theodcrsen  function 

Hf  (P) 


Me  can  also  obtain  the  expression  for  the  ircmert  in  the  known  way. 


I 

( 

j 

I 

( 


Fguation  (13)  differs  frcm  the  ccr tespcndirg  equation  in  work 
[4]  in  that  the  shape  of  the  oscillations  v,  or  a compressible  flow 
is  obtained  from  the  form  of  the  oscillations  for  a noncom pressib le 
flew  with  a correction  fer  ccm pressibi lity  in  accordance  with 
relationships  ( 10)  . 


i 
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